Differentiation factors, including nerve growth factor, fibroblast growth factor, and interleukin-6, induce an accumulation of an active Ras.GTP complex in rat pheochromocytoma PC12 cells.
Ras has been thought to be involved in neuronal differentiation of rat pheochromocytoma PC12 cells. PC12 cells are immature adrenal chromaffin-like cells which undergo differentiation to sympathetic neuron-like cells in response to nerve growth factor (NGF). Fibroblast growth factor (FGF) and interleukin (IL)-6 can also induce differentiation of PC12 cells. In this paper, we report that NGF, FGF, and IL-6 induce an accumulation of an active Ras.GTP complex. In the serum-starved culture of PC12 cells, 6% of the Ras protein was complexed with GTP. Upon stimulation with NGF, the percentage of Ras.GTP increased to 24% after 2 min, and the high level of Ras.GTP was maintained for at least 16 h. On the other hand, the activation of Ras by FGF and IL-6 showed distinct kinetics; about 3-fold increase of Ras.GTP was detected at 10 min, and afterward, the level returned to the basal level within 60 min. These observations provide direct evidence that activation of Ras is involved in signal transduction from these differentiation factors. In addition, it was found that growth factors, including epidermal growth factor, insulin, and insulin-like growth factor-I, and a tumor promoter, 12-O-tetradecanoylphorbol-13-acetate (TPA), can also activate Ras under the same conditions. A tyrosine kinase-specific inhibitor, genistein, inhibited the increase of Ras.GTP induced by NGF and other factors. On the other hand, down-regulation of protein kinase C (PKC) by prolonged treatment with TPA, which sufficiently blocked TPA-induced Ras activation, did not abolish the formation of Ras.GTP by NGF. These results suggest that tyrosine kinases rather than PKC play a major role in the NGF-induced activation of Ras in PC12 cells.